All solvents and chemicals were purchased in commercially available qualities puriss, p.a. or purum. Technical quality solvents were used for extraction and column chromatography and were distilled prior to use. Dry solvents were purchased from Fluka (Sigma Aldrich Chemie GmbH) or Acros (KMF Labor Chemie Handels GmbH) and were used as received. All nonaqueous reactions were performed using flame-or oven-dried glassware involving air or water sensitive reagents were conducted under inert atmosphere in dry solvents.
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1-[2'-deoxy-5'-O-(4,4-dimethoxytrityl)-β-D-erythro-pentofuranosyl]-5-hydroxy-
5-methylhydantoin 3
The DMT-protected thymidine 2 (2.00 g, 3.67 mmol, 1.0 eq.) was dissolved in dry methanol (40 mL) and the clear solution was cooled down to -78 °C. The resulting solution was saturated with a mixture of oxygen and ozone produced electrically by an ozone generator. 
1-{2'-deoxy-3'-O-[2-cyanoethoxy(diisopropylamino)-phoshino]-5'-O-[4,4-dimethoxytrityl]-β-D-erythro-pentofuranosyl}-5-hydroxy-5-methylhydantoin 4
The diastereomeric mixture of compound 3 (500 mg, 0.91 mmol, 1.0 eq.) was coevaporated with anhydrous dichloromethane (4 mL x 3). Afterwards compound 3 was again dissolved in anhydrous CH 2 Cl 2 (20 mL) under argon and fresh diisopropylammoniumtetrazolate (77.5 mg, 0.46 mmol, 0.5 eq.) was added. When the solution was homogenous, 2-cyanoethyl-N,N,N',N'-bisdiisopropylaminophosphine (328 mg, 1.09 mmol, 1.2 eq.) was added and the reaction mixture was stirred at rt. After 3 h, the solvent was concentrated under HV and the residual material was placed on top of the column for flash chromatographic purification (CHCl 3 /MeOH/Pyr, 50:1:0.1). For this purpose the silica gel was treated with base before use to prevent decomposition of the acid sensitive phosphoramidite. The mixture of the four diastereomers of 4 was dissolved in degassed chloroform (500 µL) and added to 300 mL of cool degassed pentane to precipitate compound 4. The synthesis of 7 was achieved by coupling cyclopentylamine 6 and isocyanate 5, following a known procedure (3) (4) (5) , with slight modifications(6). Isocyanate 5 was always freshly prepared from 3-methoxy-2-methylacrylic acid. Briefly, oxaliyl chloride (1.3 mL, 14.6 mmol, 2.7 eq.) was added dropwise to the previously dried 3-methoxy-2-methylacrylic acid (0.63 g, 5.4 mmol, 1.3 eq.). The reaction mixture was stirred at room temperature for 1 h and then dried in the HV to remove the in situ formed HCl (1.5 h). The resulting 3-methoxy-2-methylacrylic acid chloride was dissolved in benzene (20 mL) and silver cyanate was added to the solution (1.5 g, 0.01 mmol, 1.8 eq.). The silver cyanate was previously dried at room 
N-((1´R,3´S,4´R)-{[(Dimethoxytrityl)oxy]methyl}-3-hydroxy-4-(hydroxymethyl)-cyclopentyl)-5-methylpyrimidine-2,4(1H,3H)-dione 9
The carbocyclic analogue of thymidine 8 (0.45 g, 1.88 mmol, 1 eq.) was dissolved in dried pyridine (10 mL) and stirred at rt over molecular sieves (4 Å). After 1 h, DMTCl (0.79 g, 2.33 mmol, 1.2 eq.) was added and the resulting yellow solution was stirred for 3 h at rt. The reaction was quenched with methanol (2 mL) and stirred for another hour at rt. After filtration of the molecular sieves, the solvent was removed in vacuo and the resulting oil was purified 
N-((1´R,3´S,4´R)-{[(dimethoxytrityl)oxy]methyl}-5-hydroxy-5-methylhydantoin 10
The DMT-protected carbocycle thymidine 9 (0.87 g, 1.6 mmol, 1.0 eq.) was dissolved in dry methanol ( 
N-((1´R,3´S,4´R)-{[(Dimethoxytrityl)oxy]methyl}-cxclopentyl-O-(N,N-diisopropyl)-(2-cyanoethyl)-5-hydroxy-5-methylhydantoin phosphoramidite 11
The DMT-protected carbocycle hydantoin 10 (106 mg, 0.19 mmol, 1.0 eq.) was coevaporated with anhydrous dichloromethane (3 x 2 mL). Afterwards 10 was dissolved in anhydrous Acetonitrile from Fluka with a maximum water content of 0.001% was used for the activator and the phosphoramidites. Acetonitrile from Fluka with a maximum water content of 0.003% was used for all the other solutions. Other reagents were purchased from Fluka (quality: for DNA-Synthesis) as well as double coupling after the modified base.
Deprotection and purification
Basic deprotection and cleavage of the oligodeoxynucleotides from the CPG carrier containing Hyd and cHyd was carried out in a mixture of saturated ammonia solution in water (Table S1 ). Elution of the compounds was followed at 260 nm (UV). The fractions were checked for purity by analytical HPLC with CC 250/4 Nucleosil 4 120-3 C18 columns from Macherey-Nagel.
Oligonucleotides were desalted with Sep-Pak cartridges (Waters) following the manufacturer's protocol and concentrated in vacuo using a Savant Speed Vac. The masses of the oligonucleotides were confirmed by MALDI-TOF spectrometry and checked for purity by analytical HPLC on a reversed-phase column using the same buffer systems as described above for purification. For biochemical and crystallization experiments, a mixture (v/v) of both HPLC-pics 1 and 2 was also used (see also Materials and Methods section of the manuscript).
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Supplement -Page 15 sur 24 The natural unprotected hydantoin nucleoside dHyd epimerizes efficiently in alkaline conditions at rt (4h, 20 ºC, aqueous ammonia, 32 %) (Scheme 1a)(8) and approximately 30 % was also observed at pH 7 in water or buffer after 24 h. This C5 epimerization has been studied in detail for the free nucleoside of thymidine glycol(9), but very little is known about the epimerization in oligonucleotides containing these modifications.
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Sup-2: Epimerization of Hyd and cHyd in oligonucleotides
In order to check the epimerization of dHyd and cHyd in DNA (Scheme 1b), the oligonucleotides containing each diastereomer were separated by preparative HPLC and studied systematically under different conditions. The epimerization was followed by analytical HPLC room temperature (7 days, 15 % 1 to 2, 10 % 2 to 1). Epimerization in the conditions used for hybridization (85 ºC) was also investigated. In single stranded oligonucleotides in water, dHyd epimerizes (15 min, 37 % 1 to 2, 19 % 2 to 1). Analysis of epimerization in double strand is limited by analytical HPLC because the double strand denaturates under the experimental conditions used. The results indicate that epimerization also occurs in double stranded DNA to a similar extent to that observed for the single stranded DNA (5 min, 36% 1 to 2, 14% 2 to 1). These results could indicate that epimerization occurs at 85 ºC when DNA is denaturated and there is not significant stabilization upon formation of duplex DNA for any of the diastereomers. Finally, we can conclude that in all the cases investigated, dHyd2 was found to be slightly more stable than dHyd1.
Epimerization of cHyd in oligonucleotides has also been investigated. In contrast to Hyd, cHyd in d1-cHyd epimerizes in basic media without significant decomposition (saturated ammonia:EtOH; 3:1, 17 ºC, 17 h, 12 % 1 to 2, 16% 2 to 1) because the carbocycle analogue is more stable than the 2´deoxyribose under basic conditions. In water, epimerization of cHyd in single stranded DNA results in the formation of several species with different retention times.
However, these new species have the same mass in MALDI and they are under investigation in our labs. Table S5 : cHyd geometry in LRC and DPC crystal structures Torsion angles were determined with Swiss-pdb Viewer 4.0(10) and compared with those of 8-oxoG(11) and cFapyG(12) bound by Fpg.
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